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Abstract 
Hillsides have encroached for development because of increasing scarcity of flat land. This would potentially create serious 
environmental issues such as unstable slope collapse. A GIS-based Multi-criteria Decision Analysis (MCDA) was used for land 
suitability analysis of hillside development. However, an Analytic Hierarchy Process (AHP) as a MCDA approach was used to 
weight the suitability criteria. The resulting weights were computed in Expert Choice (EC) software to determine priority 
weights. The sensitivity analysis was also performed for validating robustness of decision. The outcome of this research would 
help development ofa sustainable land suitability model for hillside development. 
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1. Introduction 
Over the last four decades rapid urbanization in Malaysia indicates thatthe country has one of the fastest 
growing economies of developing Asian countries. Proper utilization of human resources is one of the numerous 
benefits of urbanization. For example, significant increases potentially contribute to the process of 
industrialization. Similarly, improper utilization of  human and land resources may create urban environmental 
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problems in growingcities[1].Urban development is a continuous process and a challenging issue for developing 
Asian countries such as Malaysia; one that potentially creates irresponsible development planning and serious 
environmental issues such as such as unstable slope collapse resulting in loss of life and property. [2, 3].The 
taxonomy of the Penang’s Safety guidelines for hillsite Development (2012) updated both the existing federal and 
state guidelines for all hillside developments.Slope is classified into four classes in degrees: class 1 (0-15) low risk, 
class 2 (15-25) low risks, class 3 (25-35) medium risks and >25-35 (3A) degree development is not applicable. 
Similarly, the hillside land should not develop more than 76 m (250 feet) elevation based on Penang structure 
plan[4]. The purpose of hillside safety guidelines is to protect hillside developments environmentally and life of 
inhabitants more apparent [3, 5, 6]. This would potentially create irresponsible development planning and serious 
environmental problems. 
Thus, consistent and correct assessment of the land is needed for decision-making that can contribute in the 
sustainable hillside development and land use policies [7]. This research aims to find a highly suitable land for 
future hillside development. Thus, spatial direction of land-use activities prerequisites to predict a particular land 
activity [8]. The objective of this research is to develop a land suitability model for sustainable hillside 
development by using a hilly portion of Penang Island. Land suitability analysis is a type of a sustainable 
development [9]approach. The definition of sustainable development is given by the World commission on 
Environment and Development [10]. In this study, an analytic hierarchical approach to modelling is presented as a 
useful method for sustainability planning via considering the spatial multi-criteria decision analysis approach for 
future hillside development[8, 11, 12]. The MCDA methods were developed in the 1960s to address problems and 
assist decision makers in the decision-making with various options. This idea raised a question “…how to 
aggregate the gathered information from many to create a one-index of evaluation” [7]. Many applications derived 
from MCDA have been used for land suitability evaluation and site selection for the location of different facilities 
as follows by Basnet et al. [13], Chandio et al. [9], Suarez-Vega [14], and Zhang et al. [15], landfill site selection 
by Rahman et al. [16], Sener et al. [17], Ghanie et al. [18], Gorsevski et al. [19], Moeinaddini et al. [20] and 
selecting sustainable industrial areas [21, 22]. AHP is a conventional land suitability analysis methodthat provides 
right decision-making approach for site selection. AHP has integrated with GIS for land suitability modelling[23, 
24]. This method can be integrated with the GISMCDA when selecting the best alternative from a pool of various 
possibilities in the presence of multiple criteria. Therefore, this study has used thatthe GISbased integrated method 
can be helpful of selecting suitable land for sustainable hillside development[25]. 
2.  Study Area 
Penang Island (Malaysia) is selected as a study area, Malaysia. George Town is the capital of the state of 
Penang shown in Fig. 1. Latitude and Longitude are situated of the study area on upper right (2o 17’ 32.457” E and 
5o 23’ 45.426” N) and lower left (2o 11’ 29.151” E and 5o 15’ 45.721” N). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Location of study area 
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3. Methods 
AHP technique has used multi-criteria evaluation (MCE) as an alternative to the MCDA approach in land 
suitability analysis to locate optimal sites for development[26-30]. The following steps are frequently considered 
components of MCDA/MCE and were used in this study. 
1. To establish the decision context; 
2. To ascertain the options to be appraised; 
3. To find objectives and criteria; 
4. To assess the expected performance of each option against the criteria. Then assess the value associated with the 
consequences of each option for each criterion; 
5. ‘Weighting’. Assign weights for each of the criterion to reflect their relative importance to the decision; 
6. To combine the weights and scores for each option to derive an overall value; 
7. To observe the results; 
8. To perform sensitivity analysis. 
 
3.1 Data collection and Processing 
 
For collecting weights by the experts’ opinion, AHP scale from 1to 9 was used for this analysis as shown in 
Table 1. The pairwise comparison questionnaire was sent to experts in Malaysia and abroad, for developing a 
sustainable land suitability model for hillside development.Collected weights were analysed in Expert Choice (EC) 
decision support software by using pairwise comparison matrices. Consistency ratio was also computed in EC 
software. In addition, spatial thematic data layers were obtained from the department of Mapping and Surveying, 
Malaysia such as contour, roads, agricultural land, forest, existing residential, wet land and surface water with the 
1:25,000 Scale. These data layers were prepared in GIS for further land suitability analysis. A digital elevation 
model (DEM) was prepared from a contour map at (45-m interval). The slope and aspect map was generated from 
the DEM. These data layers were added to the database as raster based GIS themes. 
 
Table 1 Pair-wise comparison matrix (after Saaty 1980) 
1 Equal Importance   
3 Moderate importance of one over another 
5 Essential or strong importance   
7 Demonstrated importance   
9 Extreme Importance   
2,4,6,8 Intermediate values   
The reciprocals  For inverse comparison 
  
 
3.2 Computation of Pairwise Comparison Matrix 
 
The pairwise comparison method comprises forming a ratio matrix. Criteria and sub-criteria in each level are in 
pairs with their importance to an element (criteria and sub-criteria) in the next higher level. Elements go to 
downward level from higher level[31]. The matrix format of the MCDA problems in pair wise comparisons 
describes > @
nnij
A u D as follows: 
൥
ܽଵଵ ܽଵଶǤ Ǥ ǥ ܽଵ௡
ܽଶଵ ܽଶଶ ǥ Ǥ Ǥ ܽଶ௡
ܽଵ௡ ܽଶ௡ ǥ Ǥ Ǥ ܽ௡௡
൩ 
 
The matrix has reciprocal property which expresses mathematically as: 
ܽ௜௝ ൌ
ͳ
ܽ௜௝ 
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After all pairwise comparison matrices are formed, the vector of weights, ݓ ൌ ൣݓଵǡ ݓଶǡ ǥǥ Ǥǡ ݓ௡൧ , is 
calculated on the based on Satty’s eigenvector method. To calculate the weights, weights contain following two 
stages. First, the pairwise comparison matrix ܣ ൌ ൣߙ௜௝൧௡ൈ௡ is the normalized by equation 1 and then the weights 
are computed by equation 2. 
 
ܽ௜௝ ൌ
ܽ௜௝
σ ܽ௜௝௡௜ୀଵ
ሺͳሻ 
 
for all j=1,2,….,n 
 
ݓ௜ ൌ
σ ܽ௜௝௡௝ୀଵ
݊ ሺʹሻ 
for all i=1,2,…..,n 
 
3.3 Consistency Ratio 
It is significant the priority weights derived by pairwise comparison matrix based on the AHP techniques. The 
strong point of the AHP is that it allows for inconsistent relationships, at the same time, providing a consistency 
ratio (CR) as an indicator of the degree of consistency or inconsistency[7, 32]. The CR can be obtained by the 
following equation 3 which indicates the prospect the judgements were producedanyhow. 
ܥܴ ൌ ܥܫܴܫ ሺ͵ሻ 
 
The Consistency Index (CI) can be calculated of computing the CR by the following equation 4.  
 
ܥܫ ൌ ߣ௠௔௫ െ ݊݊ െ ͳ ሺͶሻ 
 
Whereas λ max is the largest or principal Eigenvalue of the matrix and n is the order of the matrix. A CR of 
0.10 or less signifies arational level of consistency [33]. Otherwise, if CR ≥0.10 it means that pairwise consistency 
is inadequate consistency;otherwiseit should look and redo the original weights in the pairwise comparison matrix 
A.The land suitability model was produced in GIS after obtaining the priority weights. Similarly, spatial sensitivity 
analysiswas also done to see the stability of model. 
Sensitivity analysis is an important part of the decision-making whereas the AHP weights are derived to some 
extent adjusted to examine the effect on the weight of the remaining criteria (outcome). If the weights do not 
change too much, the output is a robust [24, 34]. The One-At-a-Time (OAT) sensitivity method was adopted in this 
study. OAT allows the user to alter single input values by a certain percentage interval and then measure the 
impact of that change about the other, which must be adjusted. Therefore, criteria weights sum up to 1. 
4. Results and Discussion 
As shown in Fig.2, graded levels for ‘suitability’in hillside development are computed as follows 13% is 
highly suitable land;27% is moderately suitable land; 45% is less suitable land; and 15% is unsuitable suitable 
land.  
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Fig. 2. Land suitability Model 
 
In addition, OAT spatial sensitivity analysis was also used for viewing reliability and robustness of land 
suitability modelfor the changing of single sub-criteria (± 20%) with a 5% interval change. As indicated in 
Fig.3a(i), primary road sub-criteria was investigated finding that 15% was unsuitable, 45% less suitable, 27%  
moderately suitable,and 13% highly suitable at (+20%); whereas at (-20%) as shown in Fig.3a(ii) 15% was 
unsuitable land, 45% less suitable, 27% moderatelysuitable, and 13% highly suitable at (-20).Secondary road sub-
criteriaat (+20%) determined that 15% was unsuitable land, 45% less suitable, 27% moderately suitable, and 13% 
highly suitableas indicated in Fig.3b (i); whileat (-20%)15% was unsuitable land, 45% less suitable, 27% 
moderately suitable, and 13% highly suitable as shown in Fig.3b (ii).Elevation sub-criteria(+20%) found that 17% 
was unsuitable land, 45% less suitable, 27% moderately suitable,and 11% highly suitable as shown in Fig. 3c (i);  
whileat (-20%) 15% was unsuitable land, 42% less suitable, 28% moderately suitable,and 15% highly suitable as 
indicated in Fig.3c (ii). As indicated in Fig.3d (i), slope sub-criteria derived at (+20%) determined that 15% was 
unsuitable land, 44% less suitable, 29% moderately suitable,and 13% highly suitable land; while at (-20%) 15% 
was unsuitable land, 45%less suitable, 29% moderately suitable, and 11%highly suitable as shown in Fig.3d (ii). 
Aspect sub-criteriaat (+20%) showed that 15% was unsuitable land, 42% less suitable, 25% moderately 
suitable,and 18% highly suitable land as depicted in Fig.3e (i); whereas at (-20%) 18% was unsuitable, 29% less 
suitable land, 40% moderately suitable, and 13% highly suitable land as shown in Fig.3e (ii).Agriculture land sub-
criteriafor (+20%) found that 15% was unsuitable land, 45% less suitable, 28% moderately suitable, and12% 
highly suitable as shownin Fig.3f (i); while15% was unsuitable land, 44% less suitable, 25% moderately 
suitable,and 15% highly suitable as presented in Fig.3f (ii).Forest land sub-criteriaat (+20%) showed that 15% 
wasunsuitable land, 45% less suitable, 27% moderately suitable, and 13% highly suitable as indicated in Fig.3g (i); 
while at (-20%) 15% was unsuitable, 45% less suitable, 27% moderately suitable, and 13% highly suitable as 
shown in Fig.3g (ii). As indicated in Fig.3h (i), existing residential sub-criteriaat (+20%) showed that 15% was 
unsuitable, 45% less suitable land, 27% moderately suitable, and 13% highly suitable; while at (-20%) 15% was 
unsuitable, 45% less suitable, 27% moderately suitable, and 13% highly suitable as shown in Fig.3h (ii).As shown 
in Fig.3i (i), wet land sub-criteriaat (+20%) showed that 15% was unsuitable land, 45% less suitable, 27% 
moderately suitable,and 13% highly suitable; while 15% was unsuitable, 45% less suitable, 27%  moderately 
suitable, and 13% highly suitable as shown in Fig.3i(ii). 
As elucidated in Fig.3j (i), surface water sub-criteriaat (+20%) determined that 15% was unsuitable land, 45% 
less suitable, 27% moderately suitable, and 13% highly suitable; whereas (-20%) 15% was unsuitable, 45% less 
suitable, 26% moderately suitable, and 14% highly suitable achieved as presented in Fig.3j (ii). It was found that 
spatial sensitivity analysis results show the land suitability analysis model has no difference in highly suitable land 
class. Therefore, the all-spatial sensitivity result shows the stability of the land suitability model for proposed area. 
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Fig.3. Spatial sensitivity analysis of the land suitability model: 
a(i-ii) Primary road±20; 
b(i-ii)secondary road±20; 
c(i-ii) elevation ±20; 
d(i-ii) slope±20; 
e  aspect±20; 
f(i-ii)agriculture land±20; 
g(i-ii) forest land ±20; 
h(i-ii) existing residential ±20; 
i(i-ii) wet land ±20; and 
j(i-ii) surface water ±20 
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5. Conclusion 
This study expresses the development of the spatialmulti-criteria analysis decision approach ofpresent and 
forthcomingmultifaceteddevelopments for example, hillside development. Nevertheless, policymakers always play 
with difficultspatial problems during a fixed time so theyshould consider alternatives in finding suitable land in the 
hilly topography.Spatial-AHP sensitivitywas applied to determine robustness, reliability and stability of the land 
suitability analytic models. It was concluded, based on findings, that the integrated GIS-based MCDA-AHP 
method for land suitability so determined was consistent. 
The GIS-based MCDA land suitability modelling techniques have witnessed to make possible an effective 
tool for determining suitable land of hillside development. This replaces the traditional methods of land suitability 
modelling. This approach can helpfinding suitable land for hillside development.  
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